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Background:
The FDA has currently approved three SGLT-2 inhibitors, two of which have completed FDA-mandated cardiovascular
outcomes trials. Last year, in the Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients
(EMPA-REG), empagliflozin not only reduced cardiovascular events, but also mortality.1 This year, the Canagliflozin
Cardiovascular Assessment Study (CANVAS) demonstrated equivocal cardiovascular benefits, no mortality benefit, and
significant harms in those receiving canagliflozin.2 The DECLARE-TIMI 58 cardiovascular study of dapagliflozin will be
completed in April 2019 (ClinicalTrials.gov Identifier: NCT01730534). Uncertainty remains regarding the current data, longterm benefits and harms, and differentiation among SGLT-2 inhibitors. Following a review of SGLT2 inhibitors at the August
2017 NPTC meeting on their cardiovascular outcomes, net benefit and place in therapy, no modifications were made to the
National Core Formulary (NCF).
Discussion:
EMPA-REG enrolled 7,020 patients with Type 2 diabetes mellitus (T2DM) and HgbA1c values between 7.0-10.0%. All
patients had established cardiovascular disease (CVD) and were observed for a median duration of 3.1 years. Empagliflozin
reduced the primary outcome of cardiovascular (CV) death, nonfatal myocardial infarction (MI), or nonfatal cardiovascular
accident (CVA) by 6.5 events per 1000 patient-years (pt-yrs). Mortality decreased by 9.2 events per 1000 pt-yrs, primarily
driven by a reduction in CV mortality of 7.8 events per 1000 pt-yrs. Heart failure hospitalization decreased by 5.1 events per
1000 pt-yrs. The number needed to treat (NNT) for the primary outcome was 63; for total mortality, the NNT was 38; and
for cardiovascular mortality, the NNT was 45.1 Based on this evidence, the FDA approved empagliflozin for an additional
indication to “reduce the risk of cardiovascular death in adult patients with type 2 diabetes mellitus and established
cardiovascular disease.”
CANVAS enrolled 10,142 T2DM patients with HgbA1c values
between 7.0-10.5%. Established CVD was not required in all
patients at study enrollment; patients over 50 years old could be
enrolled without established CVD if deemed at high risk (>2 risk
factors for CVD). As a result, the CANVAS population had lower
overall CV risk than the EMPA-REG population. The results must
therefore be compared with caution. Canagliflozin reduced the
primary outcome of CV death, nonfatal MI, or nonfatal CVA by 4.6
events per 1000 pt-yrs. Heart failure hospitalization declined by 3.2
events per 1000 pt-yrs however mortality did not decrease. Despite
the improved time-to-event rate, patients treated with canagliflozin
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had absolute increases of 0.3% for the primary outcome, 0.4% for total mortality and 0.3% for CV mortality. This data was
originally available in Table S6 of the Supplementary Appendix, but was later removed.2 It is plausible that canagliflozin
decreases early events but increases later events, thereby increasing time-to-event while not decreasing total events.
Both empagliflozin and canagliflozin improved renal outcomes. Patient-oriented outcomes were only included in post hoc
analyses, but the results were highly significant. The NNT for empagliflozin to prevent the composite endpoint of doubled
creatinine/renal replacement/renal death was 71.3
Empagliflozin did not increase the rate of significant side effects, aside from the expected increase in genital mycosis. For
women, the number needed to harm for genital mycosis was 14. Canagliflozin increased lower-limb amputations by nearly
two-fold, from 3.4 events to 6.3 events per 1000 pt-yrs (p<0.001). The FDA has now required a boxed warning on the label
for this adverse event. Fractures also significantly increased in canagliflozin patients by 3.5 events per 1000 pt-yrs, a 29%
relative increase. Ketoacidosis, hypoglycemia, hypotension, hyperkalemia and UTIs were not significantly increased in either
trial.1,2,6 There have been case reports published of euglycemic diabetic ketoacidosis (DKA) with these agents. A recent
review by the American Association of Clinical Endocrinologists points out that euglycemic DKA occurred before these
agents were initially administered, and it is not clear whether the frequency increased. They conclude that euglycemic DKA
occurs infrequently and the risk-benefit ratio overwhelmingly favors continued use.7
Several meta-analyses note that SGLT-2 inhibitors decrease body weight by approximately 2 kilograms4, reduce systolic and
diastolic blood pressures by about 2 mm Hg5, and cause trivial yet clinically insignificant changes in lipid parameters. In
general, SGLT-2 inhibitors have few drug interactions, with dapagliflozin and empagliflozin having fewer than canagliflozin
(Lexicomp, accessed 7/15/2017).
Findings:
In CANVAS, canagliflozin reduced the incidence of CV death, nonfatal MI or nonfatal CVA, the primary outcome, however
there was concern expressed by the NPTC that canagliflozin may actually increase risk over time (evidenced by increased
total events with canagliflozin over study duration). There was also a trend, though non-significant, toward increased risk of
mortality with canagliflozin. Renal outcomes are reassuring however, which seem to be a class effect. Risk of both
amputations and fractures were increased.
EMPA-REG demonstrated that empagliflozin reduced the incidence rate of the primary outcome (CV death, nonfatal MI or
nonfatal CVA), overall mortality, cardiovascular mortality, hospitalization for heart failure, and renal outcomes, without
increasing adverse events beyond genital mycosis.
Conclusions:
Despite positive outcomes for empagliflozin, the NPTC voted against NCF inclusion at this time for the following reasons:
• Benefits are shown in only a single, drug manufacturer-funded study without independent oversight or analysis.
• EMPA-REG included only patients with established cardiovascular disease. The impact of empagliflozin in T2DM
patients outside this study population (without CVD) remains undefined.
• Long-term effects are unknown. It is uncertain whether benefits outweigh harms for those without established
cardiovascular disease. HgbA1c lowering is modest and may diminish significantly over time.
• The CANVAS study demonstrated safety concerns (adverse effects) that may be class effects.

For questions about this document, please contact the NPTC at IHSNPTC1@ihs.gov. For more information about the NPTC,
please visit the NPTC website.
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Background:
In August 2017, the Indian Health Service (IHS) National Pharmacy & Therapeutics Committee (NPTC) reviewed two newer,
long-acting basal insulin therapies for the management of Type 1 diabetes mellitus (T1DM) and Type 2 diabetes mellitus
(T2DM) and evaluated their safety, efficacy and utilization within the agency. The NPTC last reviewed novel insulin delivery
devices (including basal insulins) in August 2015 which resulted in the addition of pen devices to National Core Formulary
(NCF) insulin products. Current insulins on the NCF include insulin aspart (NovoLog®), regular insulin (NovoLIN®), insulin
NPH (NovoLIN® N), insulin detemir (Levemir®), and the combination products insulin aspart / insulin aspart protamine
(NovoLog® 70/30 Mix) and insulin NPH / regular insulin (NovoLIN 70/30®). The 2017 NPTC review included the
subcutaneous insulin products insulin degludec (Tresiba®) and insulin glargine (Basaglar®). Based on the NPTC review and
committee discussion, no modifications were made to the NCF.
Discussion:
Insulin therapy is the most effective treatment for lowering blood glucose for patients with type 2 diabetes mellitus (T2DM)
and is the only treatment option for patients with type 1 diabetes mellitus (T1DM).1-3 The 2017 guidelines from the American
Diabetes Association (ADA) and American Association of Clinical Endocrinologists (AACE) recommend starting insulin
therapy with a basal insulin but offer no recommendations as to the selection of a specific insulin product upon initiation.2,3
The AACE recommends basal insulin analogs over neutral protamine Hagedorn (NPH) due to concerns for increased risk of
hypoglycemia with NPH.3
In 2015, the FDA approved the ultra-long-acting insulin, Tresiba® (insulin degludec) in both 100 units/mL and 200 units/mL
concentrations.4 The efficacy and safety of Tresiba® was studied in a series of open-labeled, randomized controlled trials that
were designed to test for non-inferiority of Tresiba® versus insulin glargine or insulin detemir.5-11 The primary endpoint for
each study was percent change in hemoglobin A1c from baseline, and secondary endpoints included reduction in fasting
blood glucose (FBG) and achievement of an A1c less than 7%. The studies also observed episodes of hypoglycemia, including
overall hypoglycemia and nocturnal hypoglycemia. Three studies were conducted in patients with T1DM, and four studies
were conducted in patients with T2DM.
In terms of efficacy, all seven studies demonstrated non-inferiority between Tresiba® and insulin glargine or insulin detemir
in reduction of A1c and FBG.4-11 The primary safety endpoint, overall episodes of hypoglycemia, was not significantly
different, however four studies did report a statistically significant benefit with Tresiba® in episodes of nocturnal
hypoglycemia. Despite absolute risk reductions (favoring Tresiba®) ranging from 0.1% to 7% in multiple studies5,7-9, the
impact in improved patient safety is not likely to be deemed clinically significant.
Current data regarding the use of Tresiba® has focused primarily on benefits in terms of the efficacy and safety surrounding
blood glucose management. The DEVOTE trial was a double-blinded, treat-to-target study of cardiovascular outcomes
comparing Tresiba® to insulin glargine. The primary composite outcome included major cardiovascular events (death from
cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke) in patients with T2DM at high risk for
cardiovascular events. Tresiba® was shown to be non-inferior to insulin glargine in the incidence of major cardiovascular
events (HR, 0.91; 95% confidence interval, 0.78 to 1.06; p<0.001 for non-inferiority).12
In 2015, the FDA approved the long-acting insulin analog, Basaglar® (insulin glargine) as a “follow-on” product.13 Studies
of Basaglar® demonstrated non-inferiority to insulin glargine (Lantus®) in A1c reduction, adverse events, allergic reactions,
weight change, hypoglycemia and insulin antibodies in patients with T1DM and T2DM.14,15
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Findings:
Insulin detemir is the most commonly prescribed basal insulin within IHS, representing approximately 76% of all
prescribed long-acting basal insulins over the past 24 months. Currently, there is limited data comparing the efficacy of
Tresiba® and Basaglar® beyond A1c reduction. Additionally, the majority of studies have targeted non-inferiority to the
parent products and appear to offer little, if any, appreciable safety benefit over established products. Based on the available
data, neither product demonstrated significant advantages over NCF insulins in terms of patient-specific clinical factors or
cost-effectiveness to the IHS.
For questions about this document, please contact the NPTC at IHSNPTC1@ihs.gov. For more information about the NPTC,
please visit the NPTC website.
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